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INI'IUllHlOTlON 

Tho ilosiftn ol siipotsonic no/.v.los is hoconunp, incio.KsinRly complox «a 
contlictinn ro^n i louu'nt s ior low noiso, hii,h‘'i' ottii'ioncy, anil willin’ opera- 
tinft rnn«e are ilrivinp, the ilosiftnei lowaul imue vari.ihle j^eometiy anil mul- 
tiple stre.im ilows. Analysis teehninnes most be moililieil .iml expamleil to 
vT' take into aocoont thesi- .uMitional complexities anil still retain the rapid 

computational rate necessary tor opt imi.iat ion and ilesiRii studies. A no.tzle 
analysis must handle more tlow streams, more lomplex ^teomet ries, and more 
hightly distorted initial proiiles. I’his papei discusses some moditications 
to a method tor calculating, the peiiormance characteristics oi supersonic 
ejector no.-./.les and demonstrates the impiovement in results the moditica- 
tions provide. 


bAOKtlROUNl) 

In reterences 1 .uul .i method is piesented tor .inaly/.in>t the tlow 
t ield in an axisvmmeiric ejector nt>.'./.le havin>\ .i supersonic core and a sub- 
sonic secondar,' tlow. I'lie core tlow is treated with the method ol charac- 
teristics, the sicondarv tlow with a one ■dimcns lona I analysis, and the mix- 
ing ot the two stiv-ams with a semi-empiric.il relativm tret. 1). For a con- 
ical choked core no.',.le a sonic line initi.il prolile is obtained usinn the 
method ol re I ere nee *♦. This code is used .is .i desip.n .ind opt imi .'.at i on pro- 
cedure .iml takes about •’ minutes ol t'V'U time e-a .in HIM lull. 

It IS demons t r.it ed in releience th.it the .sh.ipe ot the initial profile 
can have .i significant ellect on perl ormance. 

I’omp.irison between Ilows will unitorm proiiles and tloios with t lu more 
realistic profiles predicted by the method ol leteience a show ditterences 
^^f .ibout 1 percent in no.’.'le etliciency. I'omp.i risons with d.ita show that 
the results b.iscd on the re.ilistic proiiles .iie in much better agreement 
with expi' ri iiu'iit . 


.MOini- U Al’lON.S I'O ANAI.YSI.S 

In response to the lequirements ol lu'wer supersonic no.i.'.li' designs, the 
iiu'thod ot reference I h.is ln'eii extended to .in.ily.'.e two sep.ir.ite concentric 
supersonic core sire.ims. rhe’stre.ims .ire .issumed to be sep.ir.ited by a slip 
line and no mixing ol the two core streams is considered. The mixing ot the 
outer core stream with the socond.uv tlow is letained. In this geometry the 
outer core throat is no longer a conical convergent no.i.'.le, and the initial 
protii s b.ised on reierence i are no longer v.ilid. If .i central plug is 
present neither core thro.it m.iy '> > conic.il. ITie si gn i f ic.int radi.il compo- 
nent ot velocity in the thro.it regions implies that a unitorm initial pro- 
file IS pt ob.ibly not .ippropi i .ite. 


A ir.ui8onii- t iiiu*“dt!|UMUifnt iiiuilyKiH l>y M. lUini' tr»'l. *>) was list'd to 
gonorato roalistic initial piotilos tdi tlio ontoi' stroam oi thoso eontiguia- 
tions. This analysis was appliod to t ho outor coro stroam in tho immodiato 
noighhorhootl ot tho throat, inclnding a slimt logion downstroam ot tho lip. 

A constant prossuro boundary condition was usod at t lio slip lino. Tho use 
of this procoduro for initial profilos prodncos a significant chango in tho 
no^^lo portormanco and a bottor corapari.son with oxporimonta 1 data. 

KbSlU/rS 

Figuro 1 shows tho two axi symmot ric goomotrios discussod in this 
papor. Tho shroud contour and tho outor tan stroam noz/.lo lip aro identical 
for botli gotimotrios. tUiso 1 has an isontropie splittor botwoon tho fan and 
coro tlows, a short coro plug and intornal suporsonic oxpansion in tho con- 
tra! coro stroam passage. Case 11 has a conical splittor and a larger diam- 
otor, longer plug. Tlu> splitter botwoon tho two emo flows is assumed to be 
very thin. The central coro flow is choked at tho end of tho splittor. 

Tho flow fields produced by two diltoront initial profilos in the outer 
coro stream wore anr v.;od for each goomotry. One profile had a uniform Mach 
number along a straight lino. Tlu' t 1 ow angle v.iried linearly between tho 
two solid boundaries to match tho tangonev condition. Tho socond ini- tial 
profile was obtained bv applying tho transonic analysis ot roforence b in 
the tliroat region of the outor coro flow. A lino with suporsonic veloci- 
ties was chosen from this solution as tho initial profile. The central core 
flow was assumed to have a uniform initial profile. 

A compiirison ot tho Nacli 1.01 linos from each prolilo aro shown in tig” 
uros 2fa) and f b) . In each case it is clo.ir that tlu> straight line profiles 
an' not a very good approx imat ion to tho more ro.ilistic result from the 
transonic analysis. In figuro 2(.al noti> tho ovoroxpansion on tho splittor 
duo to its upstream curvature. Tho transonic solutions also indicate a more 
complex tli'w angle variation than tho simple linear chango for tlie uniform 
p ro file. 

Comparison of tho portormanco par.imotors tor each initial profile are 
slu'wn in figures If a) .uid fb). Tho gross thrust coefficient f t ho computed 
thrust dividoii by tho sum ot tho ido.il thrust ot tho two core tlows) is 
plotted as a function oi scondary mass flow ratio fsocondary mass flow diyi- 
dod by total mass tlow). The thrust cootficionts aro presented along with 
some unpublished experimental data on thoso goomotrios taken at Lewis 
Rosi'arch Center. I’ho values ot gross thrust cootticiont aboyo 1.0 .ire tho 
result ot neglecting tlie secondary mass th'w in the ideal thrust computation. 

TlU' more realistic ii'itial piotiles Horn tlie analysis of roforence b 
reduce the thrust coofticients by .ibout 1 1/2 percent. Tlu* reduction brings 
the valiu' in better agreement with the I'xperiment a 1 ilata. Similar conclu- 
sions can be observed toi both co nf igu ra t i on s. 

CONCLUSIONS 

I'he initial proiile tor a nozzle tlow can signi t icant ly affect nozzle, 
porf o»‘.iianc( . I’.i rt icu I a r care should bo usod in thoso cases witii largo ra- 
dial velocity components and wall curvature near the nozzle exits. Special 
efforts to obtain realistic initial profiles for analytical work will 
greatly improve the validity of the results. 
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Ibl Case II. 

Figure 2 . - Initial prollles. 






